=> d 

L9 
AB 




S77Q 



ANSWER 1 OF 23 US PAT! 
In an annealing proc 
semiconductor thin f 
film after laser ligh 1 
next laser light irra< 
refractive index valu 
are adjusted so that 
refractive index. As a 



same conditions at ever 
irradiation conditions 



LL on STN 

s in which laser light is irradiated to a 
m, a refractive index of the semiconductor thin 
irradiation is measured and conditions for the 
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For example, laser light irradiation conditions 
miconductor thin films always have the same 
result, the annealing can be performed under the 
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L9 ANSWER 2 OF 23 USPATFULL on S* 

AB When the CW laser oscillator \is employed in the manufacturing process of 
the semiconductor device, it Us expected to obtain the 
device of high performance. Hawever, the CW oscillator provides 
only a small beam spot and forrns an inferior crystalline region when it 
is scanned on the semiconductor film. It is necessary to minimize such 
an inferior crystalline region toecause it gives a problem in terms of 
high integration of the semiconductor element. In view of the problem, 
the present invention is to form a long crystalline region as 
suppressing the formation of the\inferior crystalline region by 
irradiating the fundamental wave with the harmonic supplementarily 
(refer to FIG. 1) . The present indention also includes a constitution in 
which a part having high energy density in the fundamental wave is 
irradiated to a part having low endrgy density in the harmonic 
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AB A linear laser light wMch has an energy and is to be scanned is 
irradiated to a semiconductor device formed on a substrate, 
and then the substrate Vs rotated to irradiate to the semiconductor 
device a linear laser light which has a higher energy than that 
of the irradiated linear! laser light and is to be scanned. Also, in a 
semiconductor device havkng an analog circuit region and a 
remaining circuit region! wherein the analog circuit region is smaller 
than the remaining circuit region, a linear laser light having an 
irradiation area is irradiated to the analog circuit region without 
moving the irradiation arjea so as not to overlap the laser lights by 
scanning. On the other hand, the linear laser light to be scanned is 
irradiated to the remaining circuit region. 
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A method of crystallizing an amorphous 
silicon layer includes the steps of generatr 
excimer laser beam having a first 
energy density and a second energy 
density, irradiating an amorphous silic 
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AB To provide a continuous -oscillating laser apparatus capable of 

improving the efficiency of substrate treatment, a method of irradiating 
a laser beam, and a method of manufacturing a semiconductor 
device using the laser apparatus. Of the entire 

semiconductor film, a portion that needs to be left on the substrate 
after patterning is identified according to a mask. Then, a portion to 
be scanned by respective lasers are defined, so that a laser beam is 
irradiated twice in different scanning directions to a portion to be 
obtained at least through patterning and beam spots are impinged upon 
the scanned portion, thereby partially crystallizing the semiconductor 
film. In other words, in the invention, it is arranged in such a manner 
that a laser beam is not irradiated by scanning a laser beam across the 
entire semiconductor film but by scanning a laser beam twice at least to 
the absolutely necessary portion. According to the above arrangement, it 
is possible to save the time to irradiate a laser beam in waste to the 
semiconductor film at a portion to be removed through patterning, and 
the crystalline characteristics of the semiconductor film obtained after 
the patterning can be further enhanced. 
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L9 ANSWER 6 OF 23 USPATFULL on STN \ 

AB It is an object of the invention to provide a technique forming a 

crystalline semiconductor film whose orientation is uniform by control 
of crystal orientation and obtaining a crystalline semiconductor film in 
which concentration of an impurity is reduced! A configuration of the 
invention is that a first semiconductor region is formed on a substrate 
having transparent characteristics of a visiblte light region, a barrier 
film is formed over the first semiconductor reqion, a heat retaining 
film covering a top and side surfaces of the fiVrst semiconductor region 
is formed through the barrier film, the first semiconductor region is 
crystallized by scanning of a continuous wave l^er beam from one edge 
of the first semiconductor region to the other through the substrate, 
the heat retaining film and the barrier film aretremoved, then a second 
semiconductor region is formed as an active layeA of TFT by etching the 



first semiconductor region. A pattern of the second semiconductor region 

formed by etching is formed in a manner that a scanning direction of the 

laser beam and a channel length idirect ion of the TFT are arranged in 

almost the same direction in order to smooth drift of carriers. 
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In an annealing process in which laser light is irradiated to a 
semiconductor thin film, a refractive index of the semiconductor thin 
film after laser light irradiation is measured and conditions for the 
next laser light irradiation are adjusted based on the measured 
refractive index value. For example, laser light irradiation conditions 
are adjusted so that semiconductor thin films always have the same 
refractive index. As a result, the annealing can be performed under the 
same conditions at every laser light irradiation even if the laser light 
irradiation conditions vary unavoidably. 
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AB One of objects of the present invention is to provide a method of 
carrying out a laser annealing with sufficient uniformity and high 
productivity in a wide thickness range of a non-single crystal 
semiconductor film. According to one aspect of the present invention, a 
laser irradiation apparatus for carrying out irradiation while 
scanning a linear laser beam in a beam width direction is characterized 
in that the laser beam on an irradiation surface has a first 
energy density in a first beam width and a 
second energy density in a second 
beam width, and the second energy density 
is higher than the first energy density. 
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Laser annealing is performed by ibrradiating, while scanning, a 
semiconductor thin-film with JlaseV light. . The laser light that is linear 
on the irradiation surface is movad in its line-width direction and 
applied non-continuously . The lase\r light has, in its line-width 



direction, an energy density profiJ 
which the energy density varies in 
the scanning pitch D and the step 
satisfy a relationship L.sub.n>D. 
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AB A method of crystallizing an amorphous 

silicon layer includes the steps of generating an 
excimer laser beam having a first 
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ANSWER 12 OF 23 USPATFULL on STN 

In an annealing process in which l^er light is irradiated to a 
semiconductor thin film, a refractive index of the semiconductor thin 
film after laser light irradiation is measured and conditions for the 
next laser light irradiation are adjusted based on the measured 
refractive index value. For example, \ laser light irradiation conditions 
are adjusted so that semiconductor tain films always have the same 
refractive index. As a result, the annealing can be performed under the 
same conditions at every laser light irradiation even if the laser light 
irradiation conditions vary unavoidably 
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L9 ANSWER 13 OF 23 USPATFULL onl STN 

AB A laser crystallization method comprises the steps of providing a film 
of semiconductor material on an insulating substrate, and scanning a 
pulsed laser beam over the film, the laser beam being shaped to define a 
chevron. Each pulse of the laser beam comprises at least a first pulse 
portion of a first energy arid a second subsequent pulse portion of a 
second energy. The first and second pulse portions of each pulse are 
applied at substantially tha same position over the film. This method is 
used to form electronic devilces and enables reliable crystallization to 
form large single crystal arleas in thin semiconductor films. 
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L9 ANSWER 14 OF 23 USPATFULL oi STO 

AB A method of fabricating a semiconductor device by the use of 

laser crystallization stepa is provided. During these crystallization 
steps, an amorphous or polylcrystalline semiconductor is crystallized by 
laser irradiation in such al way that generation of ridges is suppressed. 
Two separate laser crystallization steps are carried out. First, a laser 
irradiation step is performed in a vacuum, using somewhat weak laser 
light. Then, another laser irradiation step is performed in a vacuum, in 
the atmosphere, or in an oxygen ambient with intenser laser light. The 
first laser irradiation conducted in a vacuum does not result in 
satisfactory crystallization. However, this irradiation can suppress 
generation of ridges. The sepond laser irradiation step is performed in 
a vacuum, in the atmosphere,! or in an oxygen ambient to achieve 
sufficient crystallization, put no ridges are produced. 
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AB In an annealing process in] which laser light is irradiated to a 

semiconductor thin film, al refractive index of the semiconductor thin 
film after laser light irradiation is measured and conditions for the 
next laser light irradiation are adjusted based on the measured 
refractive index value. For example, laser light irradiation conditions 
are adjusted so that semiconductor thin films always have the same 
refractive index. As a result, the annealing can be performed under the 
same conditions at every laser light irradiation even if the laser light 
irradiation conditions var4 unavoidably. For a crystalline silicon film, 
if the refractive index is llarger than 3.5, then a thin-film transistor 
using such as film has desired crystallinity and flatness properties 
such that a field-effect motility is greater than 100 cm. sup. 2 /Vsec. 
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ANSWER 16 OF 23 USPATFULL on STNl 

Laser annealing is performed byl irradiating, while scanning, a 
semiconductor thin-film with laser light. The laser light that is linear 
on the irradiation surface is moved in its line-width direction and 
applied non- continuously . The laser light has, in its line-width 
direction, an energy density protfile that assumes a step-like form in 
which the energy density varies tin a step-like manner. In particular, 
the scanning pitch D and the step widths L.sub.n are so set as to 
satisfy a relationship L.sub.n ^ij 
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L9 ANSWER 17 OF 23 USPATFULL\ on STN 
AB A method of fabricating a semiconductor device by the use of 

laser crystallization steps is provided. During these crystallization 
steps, an amorphous or pot ycrystal line semiconductor is crystallized by 
laser irradiation in suchla way that generation of ridges is suppressed. 
Two separate laser crystallization steps are carried out. First, a laser 
irradiation step is performed in a vacuum, using somewhat weak laser 
light. Then, another laser irradiation step is performed in a vacuum, in 
the atmosphere, or in an oxygen ambient with intenser laser light. The 
first laser irradiation conducted in a vacuum does not result in 
satisfactory crystallization. However, this irradiation can suppress 
generation of ridges. The second laser irradiation step is performed in 
a vacuum, in the atmosphere, or in an oxygen ambient to achieve 
sufficient crystallization^ but no ridges are produced. 
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L9 ANSWER 18 OF 23 USPATFULL on STN 

AB A low temperature process for detydrogenating amorphous silicon using 
lasers. Dehydrogenation occurs bM irradiating one or more areas of a 
hydrogenated amorphous silicon layer with laser beam pulses at a 
relatively low energy density. Affier the multiple laser pulse 
irradiation at a relatively low energy density, the laser energy density 
is increased and multiple irradiation at a higher energy density is 
performed. If after the multiple irradiation at the higher energy 
density the amorphous silicon hydrdben content is still too high, 
dehydrogenation proceeds by multiple irradiations at a yet higher energy 
density. The irradiation at the varj 
the formation of polysilicon due to 
layer. As irradiation may be select i\ 
silicon, an integral amorphous silicc 
formed . 
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energy densities can result in 
elting of the amorphous silicon 
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L9 ANSWER 19 OF 23 USPATFULlJ on STN 

AB Scanning laser crystallisation of p- and n- type hydrogenated 

amorphous silicon alloy cladding layers enhances the 

doping efficiency of such layers without changing the luminescence or 
other important properties of the middle i-layer in a p-i-n 
device. The dc dark conductivity of the doped layers increases 
by a factor of about 100 \to about 10,000 above a sharp laser energy 
density threshold whose magnitude increases with decreasing impurity 
concentration. In one method, a doped amorphous silicon alloy layer is 
deposited on an amorphous \glass substrate, scanned with laser 
irradiation, and then an intermediate i-layer is formed over this layer. 
Another doped amorphous silicon alloy layer is deposited on this layer, 
doped oppositely from the first doped layer. The second doped layer is 
then crystallized by scanning laser irradiation, leaving the underlying 
i-layer virtually unchanged\ in optical and electronic properties. 
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AB Scanning laser crystallization 6f p- and n-type hydrogenated. 
amorphous silicon alloy cladding\ layers enhances the 
doping efficiency of such layers without changing the luminescence or 
other important properties of the\middle i-layer in a p-i-n 
device. The dc dark conductivity of the doped layers increases 
by a factor of about 100 to about Ao,000 above a sharp laser energy 
density threshold whose magnitude increases with decreasing impurity 
concentration. In one method, a doped amorphous silicon alloy layer is 
deposited on an amorphous glass substrate, scanned with laser 
irradiation, and then an intermediate^ i-layer is formed over this layer. 
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Another doped amorphous silicon alloy layer is deposited on this layer, 
doped oppositely from the first doped layer. The second doped layer is 
then crystallized by scanning laser irradiation, leaving the underlying 
i-layer virtually unchanged) in optical and electronic properties. 
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L9 ANSWER 21 OF 23 USPAT2 on STN 

AB In an annealing process in which laser light is irradiated to a 

semiconductor thin film, a refractive index of the semiconductor thin 
film after laser light irradiation is measured and conditions for the 
next laser light irradiation ane adjusted based on the measured 
refractive index value. For example, laser light irradiation conditions 
are adjusted so that semiconductor thin films always have the same 
refractive index. As a result, 4he annealing can be performed under the 
same conditions at every laser flight irradiation even if the laser light 
irradiation conditions vary unavoidably. 
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L9 ANSWER 22 OF 23 USPAT2 on STN 

AB Laser annealing is performed by irradiating, while scanning, a 

semiconductor thin-film with laser ligmt. The laser light that is linear 
on the irradiation surface is moved in lits line-width direction and 
applied non-continuously . The laser light has, in its line-width 
direction, an energy density profile that assumes a step-like form in 
which the energy density varies in a st Bp-like manner. In particular, 
the scanning pitch D and the step widths L.sub.n are so set as to 



satisfy a relationship L.sub.n>D. 
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AB A method of crystallizing an amorphous 

silicon layer includes the steps of generating an 
excimer laser beam having a first 
energy density and a second energy 
density, irradiating an amorphous s 
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L10 ANSWER 1 OF 7 USPATFULL on STN 
AB A method of crystallizing an amorphous 

silicon layer includes the steps of generating an 

excimer laser beam having a first 

energy density and a second energy 

density, irradiating an amorphous silicon layer with at least 
one exposure of the excimer, wherein the first energy 
density melts the amorphou^ siligoA layer to a first depth from 
a surface of the amorphous silicon l^ter equal to the first 
thickness and the second 
melts the amorphous sfl\l 
the amorphous siliconj 
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AB Laser annealing is performed by irradiating, while scanning, a 

semiconductor thin-film with laser light. The laser light that is linear 
. on the irradiation surface is mov id in its line-width direction and 
applied non-continuously . The laser light has, in its line-width 



direction, an energy density prof 
step -like form in which the energy 
In particular, the scanning pitch 
set as to satisfy a relationship L 



AN 
TI 
IN 



PA 

PI 

AI 
RLI 

PRAI 

DT 

FS 

LREP 

CLMN 
ECL 
DRWN 
LN.CNT 



20020418 
20030506 
20010815 



le that assumes a 

density varies in a step-like manner. 
D and the step widths L.sub.n are so 
. sub . n>D . 



ser irradiation method 



Ltd, a Japanese corporation 



2 002 : 8524 7 USPATFULL 
Laser irradiation apparatus and la 
Yamazaki, Shunpei, Tokyo, JAPAN 
Tanaka, Koichiro, Kanagawa, JAPAN 
Kusumoto, Naoto, Kanagawa, JAPAN 
Semiconductor Energy Laboratory cd 
(non-U. S. corporation) 
US 2002045288 AI 
US 6558991 B2 
US 2001-930758 AI 
Continuation of Ser. No 
Division of Ser. 
JP 1996-50888 
Utility 
APPLICATION 

SCOTT C. HARRIS, Fish & Richardson f.C, Suite 500, 4350 La Jolla 
Village Drive, San Diego, CA, 92122 
Number of Claims: 37 
Exemplary Claim: 1 
16 Drawing Page(s) 
992 



US 1998-141763, filed on 27 Aug 1998, PENDING 
No. US 1997-80002$, filed on 12 Feb 1997, PATENTED 
19960213 
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AB Laser annealing is performed by irradiating, while scanning, a 

semiconductor thin-film with laser light. The laser light that is linear 
on the irradiation surface is moMed in its line-width direction and 
applied non- continuously . The laser light has, in its line- width 
direction, an energy density profile that assumes a 

step-like form in which the energM density varies in a step-like manner. 
In particular, the scanning pitch p and the step widths L.sub.n are so 
set as to satisfy a relationship L\sub.n>D. 
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AB A method of crystallizing an amorphous 

silicon layer includes the steps of generating an 

excimer laser beam having a first 

energy density and a second energy 

density, irradiating an amorphous silicon layer with at least 
one exposure of the excimer, wherein the first energy 
density melts the amorphous silicon 
a surface of the amorphous silicon 
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CAS 
AN 
TI 

IN 
PA 
PI 

AI 
PRAI 
DT 
FS 

LREP 

CLMN 
ECL 
DRWN 



INDEXING IS AVAILABLE FOR THIS 
2002 : 71490 USPATFULL 
Excimer laser crystalliaa^i 
amorphous silicon film 1 V! 

Chung, Se-Jin, Gyeongsanbrnkv^ 0 / ,. 

LG. PHILIPS LCD CO., LTD . Vnori^U . S . JAisporation) 




surface of 



US 
US 
US 
KR 



2002038626 
6656270 
2001-965844 
2000-57832 



AI 20020404 {J 
B2 20031202 
AI 20011001 (9) 
20001002 



Utility 
APPLICATION 

MORGAN LEWIS & BOCKIUS LLP, 1111 PENNSYLVANIA AVENUE NW, WASHINGTON, DC, 
20004 

Number of Claims: 20 
Exemplary Claim: 1 
6 Drawing Page(s) 



LN . CNT 468 
CAS INDEXING 



IS AVAILABLE FOR THIS PATENT. 



L10 
AB 



1 V 

by irrafldic 

T 
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Laser annealing is performed by irradiating, while scanning, a 
semiconductor thin-film with laser light. The laser light that is linear 



on the irradiation surface ia moved in its line-width direction and 
applied non-continuously . The! laser light has, in its line-width 
direction, an energy density profile that assumes a 

step-like form in which the energy density varies in a step-like manner. 



In particular, the scanning p] 
set as to satisfy a relations! 
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AB Laser annealing is performed Hy irradiating, while scanning, a 

semiconductor thin-film with laser light. The laser light that is linear 



on the irradiation surface is 
applied non-continuously. The 



moved in its line-width direction and 
laser light has, in its line-width 
direction, an energy density drofile that assumes a 

step-like form in which the energy density varies in a step-like manner. 
In particular, the scanning pitch D and the step widths L.sub.n are so 
set as to satisfy a relationshjip L.sub.n>D. 
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melts the amorphous silicon layer to a second depth from the surface of 
the amorphous silicon layer less than the first thickness. 
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